We present a first N f = 2 lattice estimate of the hadronic coupling g12 which parametrises the strong decay of a radially excited B * meson into the ground state B meson at zero recoil. We work in the static limit of Heavy Quark Effective Theory (HQET) and solve a Generalised Eigenvalue Problem (GEVP), which is necessary for the extraction of excited state properties. After an extrapolation to the continuum limit and a check of the pion mass dependence, we obtain g12 = −0.17(4).
, lattice computations [3] [4] [5] [6] [7] and sum rules estimates [10] ofĝc,ĝ b andĝ ≡ĝ∞.
We have performed a weighted average of recentĝ lattice results at N f = 2 with respect to the error quoted in [3] [4] [5] [6] .
lattice computation of g 12 ≡ B * ′ |A i |B in the static limit of HQET, where A i is the axial vector bilinear of light quarks and B * ′ is polarised along the ith direction. As a by-product of our work, we will also report on the computation of g 11 ≡ B
* |A i |B and g 22 ≡ B * ′ |A i |B ′ . The Heavy Quark Symmetry of leading order HQET is well suited for our qualitative study. As the spectra of excited B and B * mesons are degenerate, it is enough to solve a single Generalized Eigenvalue Problem (GEVP) while degrees of freedom ∼ m b , that are somehow irrelevant for the dynamics of the cloud of light quarks and gluons that governs the process we examine, are integrated out. The plan of the letter is the following: in Sec. II we describe our approach while in Sec. III we present our lattice set-up and discuss results before concluding in Sec. IV.
II. EXTRACTION OF B * ′ |Ai|B
The transition amplitude of interest is parametrised by
with q = p ′ − p. In the zero recoil kinematic configuration where p = p ′ = 0, one has q 
At that stage it is useful to introduce the HQET normalisation of states:
In the static limit we are left with B * 
Of course, extracting g 11 ≡ĝ and g 22 is similar, except that the relevant axial form factors are defined at q 2 = 0. GEVP methods [16] [17] [18] are a very efficient tool to study excited states on the lattice. We consider N × N matrices of two-point correlation functions together with the corresponding matrices of threepoint correlation functions C In HQET the spectral decomposition reads C
|0 . The purpose of solving GEVP is to construct quantities which tend toward the desired excited state properties asymptotically in time. In practice we solve
We will use two ratio methods, GEVP and sGEVP, to extract the matrix element
Those ratios converge quickly as the contribution of higher excited states is strongly suppressed [19] 2 and read:
In the appendix, we have calculated the time dependence of the corrections in R sGEVP mn (t) to first order in ǫ, where We have found that for n > m the dominant contribution to ǫR sGEVP,1 mn is te −(EN+1−En)t and for n < m the leading contribution is in e −(EN+1−Em)t . The global phase is fixed by imposing the positivity of the '
, where L refers to some local interpolating field.
III. LATTICE RESULTS
We have performed measurements on a subset of the N f = 2 CLS lattice ensembles, which employ the plaquette gauge action and non-perturbatively O(a) improved Wilson-Clover fermions. The parameters of the ensembles used in this work are collected in Table II . Three lattice spacings (0.05 fm a 0.08 fm) are considered with pion masses in the range [310 MeV, 440 MeV]. The static-light correlation functions employ the 'HYP2' discretization of the static quark action [20, 21] and stochastically estimated all-to-all light quark propagators with full time dilution [22] . A single fully time-diluted stochastic source has been used on each gauge configuration, except for the ensemble E5 where we have four stochastic sources for each gauge configuration. We use interpolating fields for static-light mesons of the so-called Gaussian smeared-form [23] 
where κ G = 0.1 is a hopping parameter, R i is the number of applications of the operator (1 + κ G a 2 ∆), and ∆ the gauge-covariant 3-D Laplacian constructed from three-times APE-blocked links [24] . R i is chosen such that the radius r i ≡ 2a √ κ G R i of the "wave-function" is smaller than 0.6 fm. On each ensemble we have estimated the statistical error from a jackknife procedure.
In order to reduce the statistical uncertainty in ratio (6), we have taken the asymptotic value of the energy splittings Σ mn ∞ = E n − E m . We have shown in Figure 2 an example plateau for Σ
12
∞ . In addition we have set t s to 2t in (5). We have solved both 3 × 3 and 4 × 4 GEVP systems and checked the stability of the results when the local operator is included, as shown in Figure 3 . Hereafter we will present results for a 3 × 3 matrix of correlators with values of r i ≡ {0.19 fm, 0.39 fm, 0.62 fm}. To check the dependence on t 0 , to which the contribution from higher excited states is sensitive, we have both fixed it at a small value (typically, 2a) and let it vary as t − a.
Though the uncertainty is a bit larger, we have confirmed the finding by [19] that using sGEVP (6) seems beneficial compared to the standard GEVP approach (5) to more strongly suppress contamination from higher excited states in the hadronic matrix element we measure. As illustrated in Figure 4 , plateaux obtained from the GEVP and sGEVP are compatible: -0.25(1) for GEVP and -0.23(2) for sGEVP, with one additional point in the plateau of the sGEVP. Therefore, in the following we give results using the sGEVP only. After applying a non-perturbative procedure to renormalise the axial light-light current [25, 26] , we are ready to extrapolate to the continuum limit. Inspired by Heavy Meson Chiral Perturbation Theory at leading order [27, 28] and due to the O(a) improvement of the three-point correlation functions (the improved part of the axial current, ac A ∂ i P, is absent at zero momentum), we apply two fit forms:
We show in Figure 5 the continuum extrapolation (7) of g 12 . We observe quite large cut-off effects (∼ 30% at β = 5.3), it is thus crucial to have several lattice spacings. We obtain finally, using (7) as the best estimate of the central value, (18) fit (7) fit ( 
where the first error is statistical, and the second error corresponds to the chiral uncertainty that we evaluate from the discrepancy between (7) and (8) . We collect in Table III the value of g 12 at each lattice point and at the physical point as well as the fit parameters for (7) and (8) .
In simulations with light dynamical quarks, the onset of multi-hadron thresholds due to the emission of pions must be considered when examining excited B meson properties. Such thresholds significantly complicate the extraction of hadron-to-hadron matrix elements from the two-and three-point correlation functions considered here. However with the L < 3 fm volumes in this work, the P -wave decay B * ′ ( 0) → B( p)π(− p) is kinematically forbidden. The S-wave decay B * ′ → B * 1 π is potentially more dangerous. Examining the mass splittings Σ 12 in Table IV Value of g11 and g22 at the lattice points and at the physical point (left) and fit parameters of eq. (7) and (8) Ref. [19] . We show in Figure 6 a typical plateau of the bare coupling g 11 and the extrapolation to the continuum and chiral limit. That extrapolation is smooth, with a negligible dependence on m π , and we obtain from the fit form (7) g 11 = 0.52 (2) , in excellent agreement with a computation by the ALPHA Collaboration focused on that quantity [5] . We have added an error of 2% due to higher excited states which is estimated from plateaux at early times with a range ending at ∼ r 0 . Following the same strategy, we show in Figure 7 a typical plateau of the bare coupling g 22 and the extrapolation to the continuum and chiral limit, once again quite smooth, with an almost absent dependence on the sea quark mass. We obtain from the fit form (8) g 22 = 0.38(4). Remarkably, the "diagonal" couplings g 11 and g 22 are significantly larger than the off-diagonal one g 12 . This suggests that neglecting the contribution from B ′ mesons to the three-point light-cone sum rule used to obtain g B * Bπ introduces uncontrolled systematics. Note that the decay constant f B * ′ itself is large compared to f B [31, 32] . For completeness we have collected in Table V the value of g 11 and g 22 at each lattice point and at the physical point and the fit parameters of (7) and (8) .
IV. CONCLUSION
We have performed a first estimate of the axial form factor A 1 (q 2 max ) ≡ g 12 parametrising at zero recoil the decay B * ′ → B in the static limit of HQET from N f = 2 lattice simulations. Assuming the positivity of decay constants f B and f B * ′ , we have obtained a negative value for this form factor. It is almost three times smaller than the g 11 coupling: g 12 = −0.17(4) while g 11 = 0.52(2). Moreover we find g 22 = 0.38(4), which is not strongly suppressed with respect to g 11 . Our work is a first hint of confirmation of the statement made in Ref. [2] to explain the small value of g D * Dπ computed analytically when compared to experiment. This computation using light-cone Borel sum rules may have been too naive. Following Ref. [33] , a next step in our general study of excited static-light meson states would be the measurement of A 1 (0) by computing the distribution in r of the axial density
(6). To simplify notation, we have fixed a to 1. We have followed the strategy of Ref. [18] to treat in perturbation theory the full GEVP, with an exact computation of the N lowest states:
Vectors are normalised such that
where ρ n = e −Ent0 . Introducing the dual vectors u n defined by N n=1 u ni ψ mi = δ mn ∀n ≤ N , we note that
At first order in ǫ, we have
Finally the normalisation conditions read
We are ready to develop (6) to first order in ǫ:
we have at leading order
The subleading order reads ǫM eff,s,1 mn
T a .
The first subleading contribution is given by
Defining the discrete derivative ∂ t A = A(t + 1) − A(t), and taking at the end of the computation t 0 = t − 1, we get
The second subleading contribution reads
With some algebra, we deduce
h pn e −(Ep−Em)t1 , and
h pn e −(Ep−Em)t1 .
Finally,
We find
1 − e −(Em−Ep) .
The third contribution
is obtained similarly to ∂ t T 2 , permuting m and n.
The fourth subleading contribution reads
With some algebra we deduce We see that for n > m the dominating contribution T 1 to ǫM eff,s,1 mn is in te −∆N+1,nt with subleading terms T 2 − T 5 while for n < m the leading contribution is in e −(EN+1−Em)t .
We have tested numerically our finding in the toy model of Ref. [19] , with r 0 E n = n, r 0 = 0. . The comparison between the analytical formulae and the numerical solution is plotted in Figure 8 . It is encouraging to obtain such good agreement after t = 8. 
